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The Skip the Grid project was a combined effort of California Polytechnic State University, San Luis
Obispo (Cal Poly) students and company sponsors SOLV Energy, Dometic, and Goal Zero, facilitated
through the non-profit, Heart of America. The interdisciplinary project team successfully installed
photovoltaic energy systems with refrigerators and lights for families within the Navajo Nation. Skip
the Grid’s mission focuses on improving quality of life and providing access to clean, affordable offgrid energy. In the Navajo Nation, access to electricity and running water is not necessarily a given,
with large disparities from family to family. This issue was exacerbated during the COVID-19
pandemic, when distance learning was implemented in schools and many students across the region
lacked the basic resources to participate the way other school age children could. The Skip the Grid
project helped remedy this issue for selected students and their households. When completed on
March 24, 2022, eleven families, with students attending Red Mesa Unified School District in
Arizona, received a system delivering power, refrigeration, and light, requiring limited maintenance at
no cost to them. As a result, Cal Poly students have provided the roadmap for future installations, to
provide power to every home in the region, including design and construction recommendations to
streamline future installations.
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Introduction
Skip the Grid is a community service project-based senior project, whose pilot implementation was
completed in March of 2022. Facilitated through the non-profit Heart of America (HOA), the project
was completed by an interdisciplinary group of California Polytechnic State University, San Luis
Obispo (Cal Poly) undergraduate students and faculty. The project was funded through the generous
support of SOLV Energy, Dometic, Goal Zero, Prime Electric, Cupertino Electric, Quiring General,
Live Action, and several community sponsors. The Skip the Grid project aimed to improve energy
equity at the Navajo Nation. Approximately one third of the over one-hundred and eighty thousand

residents of the Navajo Nation do not have access to electricity or the electrical grid. (Morales, 2019)
This project provided the design, planning, and installation of “off-grid” solar photovoltaic (PV)
energy systems with lights and refrigeration. Cal Poly students on the project who were part of this
implementation worked over a period of five months, collaborating across academic disciplines to
comprehensively provide these systems to the students attending Red Mesa Unified School District
and their families.

Background
The Navajo Nation is a Native American reservation spanning more than seventeen million acres of
the Four Corners region including parts of northeastern Arizona, southeastern Utah, and northwestern
New Mexico. The people that reside there are the Diné, meaning “The People” in Navajo. The Red
Mesa Unified School District (RMUSD), a school within the reservation, became involved with the
education-based non-profit group Heart of America (HOA) in 2020 during the COVID-19 pandemic
for support. At the time, the school was already facing challenges with displacement from classrooms
due to social distancing. (Henderson, 2020) Beyond being a source of primary education, RMUSD
served as a reliable source of power and running water for families, as students were able to receive
basic services that their homes were not able to provide. Due to the landscape of the region, these
homes are not able to access “grid” electricity or instant electricity delivery from producers to
consumers. (EIA, 2021) With this, HOA was successful in launching a rapid response to these
schools, using a multi-phased approach to deliver distanced learning kits to over ten thousand
students. (Heart of America, 2022) Shortly after this was completed, a greater need was realized by
stakeholders in the region for off-grid power, an effort that was already being tackled by an
individual, Mylo Fowler. HOA’s connection with SOLV Energy and Mylo Fowler, led to the
complete involvement of these stakeholders with Cal Poly. The project was formalized as “Skip the
Grid: Solar-Powered Refrigeration in the Navajo Nation”. An interdisciplinary team was launched of
undergraduate students, faculty, HOA, SOLV Energy, Goal Zero, and Dometic to support families of
RMUSD. Their specific need was pinpointed to supply off-grid solar energy systems that could be
battery-powered in case of emergency and could supply enough energy to power chrome books and a
medium-sized refrigerator. This was specified, as these families showed a specific need for safe, cool
storage for medication and fresh food.

Figure 1. Home in Red Mesa with specific need for off-grid energy
I was chosen to be Team Captain for Skip the Grid in January 2022, following completion of
coursework in Electrical Specialty Construction. My background as a Construction Lead for the
Engineers Without Borders: Fiji project fueled my interest and qualifications as lead. Although I did
not have the opportunity to travel to Fiji due to COVID-19, I was able to perform virtual project
management to support the build out of solar-powered pump systems on the Mali Island. This
experience, coupled with my position as Simpson Strong Tie Materials Demonstration Lab
Technician, led to a well-rounded skillset to lead this team. My interests in Lean Construction from

my internship expereience with Turner Construction provided the framework to establish a
continuously improving project. The Skip the Grid Cal Poly team was organized and launched
following this appointment in late January.

Process
Team Organization
Interested students were self-selected for this project and were screened by faculty for the appropriate
preparation. The organizational structure as seen below, featured Dr. Jeong Woo, Cal Poly
Construction Management Department Head as the key point of contact for Cal Poly and the external
stakeholders (figure 2). For Cal Poly, the team was divided into three groups, each with a faculty
advisor: Construction & Logistics, Engineering & Testing, and Outreach. This format allowed the
interdisciplinary team to clearly define responsibilities, and accurately design, construct, and meet
user needs for the project. The undergraduate team was comprised of four Construction Management
students, one Electrical Engineering student, three Mechanical Engineering students, one Political
Science student, and one Graphic Communications student. Faculty included those who specialized in
Power Systems, Solar Construction Management, Design-Build, and Native American studies. To
streamline communications, meetings of these parties were conducted weekly, with additional work
sessions that were scheduled through inter-team coordination. As Team Captain my responsibilities in
leading this effort were focused on project management, including scheduling, budgeting,
communication, public relations, and client relationships. Specifically, I coordinated with all project
stakeholders requiring constant communication with partners and crew members. To maintain scope
and keep constraints in check, I was responsible for maintaining key relationships with all team
members, requiring elevated levels of organization and discipline.

Figure 2. Skip the Grid Team Organization Chart

Integrated Project Delivery
The Skip the Grid project was organized and managed following Integrated Project Delivery with
Lean Construction best practices. Integrated Project Delivery (IPD) is defined by the Lean
Construction Institute as, “A delivery system that seeks to align interests, objectives, and practices, by
reconceiving the Organization, Operating System and Commercial Terms governing the project.” To
follow Lean Construction best practices, the team implemented a Master Schedule, the Last Planner
System, Plus / Delta Review, Prefabrication, and Target Process Design. The design process also
constituted an IPD format, as programming included input from beyond the design team.
To integrate the functionality and total system life cycle into the programming process, it was critical
to analyze the Red Mesa community to understand the spatial impact of solar panels on the homes.
The homes in the Navajo Nation are homestead style, located in areas where there is significant
distance to power and running water. Due to this, photovoltaic energy systems needed to be designed
to promote efficiency, reliability, and safety. The reservation for the Navajo is set up in a unique
format that limits permanent dwellings, resulting in homes that are semi-permanent and lack
foundations. Per the Navajo Land Department (NLD), “clients [obtain] a one-acre residential lease for
75 years that provides an opportunity for families to build or mortgage a home” (Navajo Land
Department, 2022). Considering this, students had to design a system that could withstand the difficult
climate, while being “semi-permanent”, respecting NLD regulations. This inhibited the use of any
concrete or ballasting onsite of post-mounted solar panels, or any wires underground. Students
designed a system that would change little about the exterior of the home while providing a system
that could provide a home with power for up to twenty-four hours without power supplied from the
panels. This was successfully coordinated through the Construction & Logistics team, who analyzed
the eleven home structures for constructability. As it was decided, only five homes had the capacity
for roof-mounted solar panels, typical of residential solar systems. This was due to the lack of
structural integrity of the roofs and concerns over safety. With this, the remaining homes planned to
have wall-mounted or ground-mounted panels, securely constructed using prefabricated, angled
Unistrut material. This plan was flexible, however, allowing for optimization of these systems to
occur in the field. The ultimate design of this project was finalized on March 12, 2022, with a system
of (4) 100W Goal Zero Solar Panels, one 1500X Goal Zero Yeti Power Station, and a Dometic CFX
Medium-Sized Refrigerator (Figure 3).

Figure 3. Skip the Grid simplified product breakdown

Planning and Logistics

Skip the Grid was managed using various software systems to provide comprehensive project
management services. Considering the IPD delivery format, utilizing cloud-sharing software was a
key component to reach project success. Without the implementation of virtual communication,
including messaging, video conferencing, and real-time data sharing, the project would not be
feasible. Project management was facilitated through Outlook, Google Drive, and Monday.com.
These resources provided thorough file storage and pull planning assistance for industry partners. The
Master Schedule was completed through Primavera 6 and was maintained by the team weekly. Using
the data from these scheduling compilations, a daily work schedule was formulated to show half-hour
increments of work and crews to eliminate waste on the project. The Last Planner System was
emphasized as a method to improve work processes in training and to address potential areas for
prefabrication off-site. With this, the Construction & Logistics team planned to ship parcels of tools
and materials to a secure delivery site near the project area prior to traveling. Considering the remote
area of the project, thorough planning was needed to ensure that supplies were properly procured and
transported to site from viable sources. Furthermore, mapping data was needed to ensure that
transportation of these resources was carried out, as many of the jobsites were located over twenty
miles away on unpaved roads to the nearest fuel station and emergency medical services. The
Construction & Logistics team utilized Google Earth and Google Maps for site logistics and
wayfinding for transportation and services (Figure 4).

Figure 4. Site Planning using coordinate data on Google Earth (left), and field installation using
prepared data from the program (right)
Utilizing data collection carried out by the RMUSD, Cal Poly students were able to plot the
coordinates of the project homes. With the sites captured by satellite imagery, students were able to
design solar panel arrangements prior to travel. With navigational guides provided by Google Earth, it
was determined that eight out of the twelve homes provided were suitable for roof-mounted solar
panels. The remaining homes were open for discussion on alternative installation, including wallmounted applications. With this information, the Construction & Logistics team was able to procure
materials to compensate for the change in work, ordering Unistrut material and fasteners for groundmounted installation. However, it was ultimately decided that for security reasons all solar systems
were to be fastened to the homes in the safest manner possible. This was due to potential damage by
wild horses and dogs, a concern that was presented by HOA from the local community.
The Skip the Grid project was uniquely challenging due to the unknown site conditions. The project
was implemented across three states, with air travel from Cal Poly occurring to and from Durango,
CO. Our lodging and “home base” were stationed in the town of Bluff, UT, two hours from Durango

and one hour from our “project base” at Red Mesa High School. All homes which we installed were
in the Red Mesa area, including the communities of Round Rock and Rock Point. All tools and
supplies that we needed for this installation were either shipped from San Luis Obispo, or purchased
at the nearest building materials store in Durango, CO. The travelling team consisted of eight students
and three faculty members. Our Cal Poly team was divided into two teams for installation, the Green
Team and the Gold Team. These teams were divided by experience level, familiarity with
construction working conditions, and team chemistry, leading to balanced approaches for both
divisions. Cal Poly students were provided limited data on roof types, interior layouts, and on the use
of the system by homeowners. Additionally, there was limited food, water, and health services readily
available in the proposed implementation site. Advanced planning and schedules to make sure crews
were prepared for eight-hour days without access to basic resources was vital to the success of the
project. Heavy emphasis was placed at arrival into planning actual vehicle travel, including how
trucks were packed with personnel and materials. This high-level of detail was necessary, as Navajo
guides oversaw directing traffic but had no knowledge of crew composition. With this logistical
challenge, it was determined that prefabrication was essential to overcome space planning. Using
organized material laydown, checklists, and comprehension testing, crew members were able to leave
the “home base” site of Red Mesa High School with an understanding of the work plan.

Figure 5. Planning with Navajo Liaisons and HOA leaders at Red Mesa High School

Build Day One
Following coordination (figure 5) and orientation with industry partners (figure 6), construction was
kicked off on March 22, 2022. Upon packing at Red Mesa High School, the entire cohort left to the
first installation at the home designated, which we were directed to by Navajo Family Liaisons. With
the large amount of team members, multiple cars, and extra equipment, our first build-out was
challenging. Upon arrival, our execution was disorganized as we lacked communication and direction
on how to best serve the homeowner. It was clear that there was a struggle in team roles and
installation methods, as multiple people came to assist in building in areas, they were not comfortable.
Rather than training, there was confusion and a lack of confidence. As a result, the first installation
took three hours with over twenty people available to help build.
After the first home, the gold and green teams split up and went to their assigned homes based on
direction from the Navajo Liaisons. It was quickly understood that the homes were to be assigned by
those from the Red Mesa School District, rather than based off installation type. Teams had to quickly
prepare during the drive depending on the notification from the Liaisons. For the Gold Team, the next
installation was a distant drive but was straightforward. With this, the team was able to meet with

family members and understand their backgrounds in greater detail. This was great for team morale,
connection, and communication. However, build day one closed with a grand total of three
installations, far less than expected.

Figure 6. Skip the Grid Project Team conducting a “Stretch & Flex” prior to building

Day One Plus/Delta, Day Two Planning
The optimal method of prefabrication and preparation was not implemented until the last day of
construction. This new process was decided following a “Plus/Delta Meeting”, where students were
able to prepare for work mentally and physically, as well as assign specific work procedures.
Following a challenging first build day, students gathered for a highly structured ninety-minute
meeting to address positives and improvements. It was quickly established that construction times
needed to be cut down to sixty minutes per home (figure 7). With this overarching goal noted upfront
in the meeting, students were able to collectively problem solve and provide constructive feedback to
their counterparts. Roles were optimized, leading to the adoption of a three-crew team. Students were
able to build their communication and planning skills, organizing necessary materials and
transportation prior to the early morning of building. Motivation and morale were improved early in
the meeting, as students were able to share their favorite moments of their day, allowing for an
optimistic mindset to be established before critique. With the support of virtual applications and team
member stamina, an updated daily work plan, specific solar optimization layout plans, and overhead
maps were distributed by the following morning so that teams were able to study prior to arrival at
homes. The “Plus / Delta Meeting” as referred to colloquially by students, effectively moved the Cal
Poly team through the crux of the project.

Figure 7. Plus / Delta Meeting structure and notes based on Lean Construction meeting format

Build Day Two
The second day of construction at sites in Red Mesa was far more productive and positive than the
previous. A total of eight homes were completed by the end of the day, providing 3200W of off-grid
solar energy to families in need. The pursuit of continuous improvement was evident, as efficiency
improved between installation and travel between each home. Build Day 2 benefitted from a known
expected productivity rate of sixty minutes per home. Since driving time between homes was an
unknown variable, problems that could be mitigated by the Cal Poly team were appropriately handled.
Team members prepared for this through prefabrication, assigned roles, and a splitting of crews.
(Figure 8)

Figure 8. Prefabrication to optimize time onsite, Day Two
Each team was divided into three crews, aptly named “Roof,” “Interior,” and “Wall.” Through this
differentiation, communication was streamlined to optimize time spent at homes and contact with
homeowners. The Roof Crew determined, and placed panels based on solar alignment and roof
materials (figure 9). The Interior Crew worked with family members to best choose hook-ups for
lights and refrigerators. The Wall Crew served both teams, making the wiring and cabling connection
from the panels to the interior. The delineation of these teams led to successful project construction
completion. Family members were able to receive the expected product and were trained on the use
and maintenance of these systems by students and Navajo Liaisons, as required. Although twelve
homes were originally scheduled for construction, only eleven received systems as the final home had
recently been connected to grid power. With this, the additional system was handed back over to
RMUSD, with plans to use the system for student training or a substitute home installation.

Figure 9. Field analysis of potential photovoltaic solar efficiency rates

Results and Lessons Learned
The Skip the Grid project was completed on March 24, 2022. Eleven families, each with students
attending school at Red Mesa, were able to have light, power, and refrigeration with limited
maintenance and additional cost to their budget. Upon arrival in San Luis Obispo, Lessons Learned
and work summaries from each team member was collected. The evaluation and recommendation
process were the last step of this project. With this, the closeout and knowledge transfer procedure
revealed an extraordinarily successful and well-communicated project, with room for growth. Plus /
Deltas for this trip were provided by team members from Cal Poly and HOA (Table 1).
Table 1: Plus/Delta Feedback
Skip the Grid, Spring 2022 Key Plus / Deltas
Information edited for clarity.
Team
Key Plus
Communication and time
Cal Poly
management on Day 2 of installation
Construction
promoted confidence and agility in
& Logistics
installation.
Upfront communication allowed for
Cal Poly
design issues to be addressed with
Engineering
Industry Partners, resulting in
& Testing
efficiency optimization.
Cal Poly
Outreach
Heart of
America
(HOA)
SOLV
Energy

Team bonding activities, early and
often, provided confidence and
comfortability for team members.
Open communication with Cal Poly
representatives allowed for
transparency and objectives to be
understood.
A mentorship approach to
construction practices allowed for
student problem-solving.

Key Delta
Organization is critical. Early preparation
should focus on effective delegation and
responsibility.
Field data collection, including notation of
large trees, tilt, and direction will support
engineering efforts in future installations.
Social media is essential to inform others of
efforts in the Navajo Nation. A division of the
group into Outreach and Environmental &
Cultural would be a value add to the team.
A walk-through installation would highly
benefit students in understanding
communication techniques, timing, and
installation methods.
Safety guidelines should be underlined for
student team members, with clear goals
identified for managing risks in the field.

Summary
The Skip the Grid pilot implementation conducted in March 2022 was successful in providing off-grid
solar power, refrigeration, and lighting to eleven families in the Navajo Nation. Lean Construction
practices were implemented, as the project was completed in an Integrated Project Delivery format.
Key areas for continuous improvement were identified by project stakeholders and users. Based on
feedback provided after installation, homeowners were satisfied with the addition of the solar energy
systems and refrigerators. Comprehensive usage and functionality data is currently being collected.
With the success of this first deployment to families of RMUSD, plans for future projects are
currently underway. Potential future projects include a student solar trade program, local government
lobbying, improved solar design, and over forty thousand Navajo individuals provided with off-grid
solar energy systems.
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